Abstract. Leakage rate is a key parameter for evaluating the mechanical seal performance. The leakage process of mechanical seal is very complicated. Influencing factors of contact mechanical seal are many, and the leakage is a variable associated with operating time rather than the steady parameter. Therefore, establishing the leakage model of mechanical seal is difficult. In this paper, surface topography fractal charactering method and the expression of fractal parameter calculated by the structure function of mechanical seal are given. The leakage fractal model is listed and its 6 problems are discussed.
Introduction
Leakage rate is a key parameter for evaluating the mechanical seal performance. Mechanical seal leakage is caused by lots of reasons, and mainly through the radial clearance between friction pair in normal operation. At present, there are two types leakage models of contact mechanical seal, one type is empirical formula and numerical calculation model based on surface topography charactering parameters [1] [2] [3] , and the other is leakage model based on fractal geometry theory [4] [5] . Leakage rate empirical formula is simple, easy to use, and can visually reflects the relationship between the leakage rate and the main influencing factors, however, it can only be used for estimating the leakage rate because of big error. Numerical calculation model can comprehensively reflect the influences of the geometric parameters, the surface topography parameters and working parameters on the leakage rate, but it needs to be iterated by computer programming. Furthermore, the leakage rate calculated by numerical calculation model is generally more bigger [6] .
Fractal characteristics of surface topology of mechanical seal
Surface topography has a great influence on leakage rate of mechanical seal [6] . Studies simplified asperity on the end face of friction pair of mechanical seal as hemispheroid of which peak height follows Gaussian distribution, and characterized surface topography which is regarded as a stable random process by statistical parameters of arithmetic average deviation of profile, root-mean-square deviation of profile, etc [1] [2] [3] . Because the simplified model of surface topography is too simple, and statistical parameters are obtained under certain measurement conditions and affected greatly by sensitivity of the measuring instruments and sampling length, so it can't reflects the complexity of real surfaces, non-stable random characteristic, and multiply scaling feature of the roughness, etc. It is necessary to look for a scale-independent parameter instead of scale-dependent statistical parameters for charactering rough surface topography.
Studies [7] [8] [9] [10] [11] [12] have shown that profile curves of the end faces of mechanical seal before and after wear have isotropic self-affine fractal property with no relevance to scale, and it can be characterized and simulated by the continuous and non-differentiable WeierstrassMandelbrot （ W-M ） function with self-affine fractal property. The expression was [13] :
Where z(x) is the deviation of the surface profile from its mean line, x is the lateral distance, G is a characteristic length scale of the surface, D is the fractal dimension of the surface profile (for a physically continuous surface 1<D<2),  n are the discrete frequency modes( 1), n l corresponds to the low cut-off frequency of the profile and is given by Choosing =1.5 can provide both phase randomization and high spectral density.
There are many methods for calculating the fractal parameters, and the results obtained by structure function method is more accurate for larger fractal dimension [13] . Fractal parameters of surface profile of mechanical seal should be calculated by structure function because seal rings are manufactured by grinding, and the fractal dimension is larger.
D and G can be determined by structure function S(). Analog signal of profile height z(x) measured by profiler was put into computer after A/D conversion. Sampling interval t of computer was given. N points were acquired on sampling length lr. There was z(x i ) =z i (i=0, 1, 2, 3, , N1). Assuming =nt(n=0, 1, 2, 3, ), and the structure function was:
A line can be obtained by plotting with S()and  in double logarithm coordinate system. Fractal parameters D and G can be calculated by slope k s and intercept B.
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3 Proposition of leakage fractal model of mechanical seal Sun, et al. introduced the fractal theory into the study of contact mechanical seal firstly. The contact between hard and soft ring was simplified as the contact between the rigid ideal smooth surface and the rough surface (see Fig.  1 ). Regarding cavities in the annular section at the outer diameter of the end face as micro-leakage channel section, charactering it by fractal parameters, and the mechanical seal leakage model related to the operating time was established based on the changing of surface topography [4] [5] . Sun, et al. assumed that the fluid flowing through contact interface in the clearance between the end faces of mechanical seal was incompressible, viscous and steady laminar flow between the leakage channels (see Fig. 2 ). According to Navier-Stokes equation, the leakage rare, q, of single leakage channel can be calculated under the conditions of the changes of viscosity, the rotation of fluid and the changes of seal ring curvature were neglected, and q was [4]  Where p 1 and p 2 are inside and outboard medium pressures of seal face respectively, r 1 and r 2 are inner and outer radii of seal face respectively,  is the dynamic viscosity of fluid flowing through contact interface, D is the fractal dimension of the end face profile of the soft ring, G is a characteristic length scale of the end face profile of the soft ring, a s is a micro cavity area in contact face, and t is the operating time of mechanical seals.
The contact cavity area distribution function n(a s ) between the surfaces and the sum of micro cavity areas A s between contact faces were [4] :
Where  is the domain extension factor for microcontact size distribution, a sl is the area of the largest micro cavity, A s is the sum of the micro cavity areas between contact faces, A a is the apparent contact area, and A r is the true contact area.
The total volume leakage rate Q can be obtained by Eqs. (5)- (7) [5]
The maximum micro cavity area a sl can be obtained by the relationship between Eq.(7) and total load in the contact surfaces, and real contact area.
The relationships between the loads and contact areas of elastic, elastic-plastic and plastic contact spots in the friction pair of mechanical seal were [5] 2
Where F e (a) is the load on the elastic contact spot, F ep (a) is the load on the elastic-plastic contact spot, F p (a) is the load on the plastic contact spot, a is the area of the micro contact spot; E is the comprehensive elastic modulus,  0 is the material property constant, and K is a ratio of the hardness H to the yield strength  y of the soft material.
The critical contact area a pe of plastic deformation transforming to elastic-plastic deformation was [5] The critical contact area a c of elastic-plastic deformation transforming to elastic deformation was [5] 
Where a l is the area of the largest contact spot, 
Problems of leakage fractal model of the end faces of mechanical seal
Because mechanical seal mechanism is so complicated, and study of mechanical seal by fractal theory does not go further enough, so the leakage fractal model also has the following main problems.
The influences of fluid film pressure between the end faces of mechanical seal were neglected
It can be seen from Eq. (14) that the total load (closing force) F g is supported by reaction force of asperities. The research results of contact mechanical seal have indicated that when the end faces were in the boundary friction, the measured pressure of liquid film between the end faces was close to zero, and the load was almost all supported by asperities [1] . When the end faces were in the mixed friction, the load was supported by liquid film and contact asperities [1] [2] [3] . Therefore, the leakage fractal model is suitable for mechanical seal is in boundary friction, but there is a large error for mechanical seal is in mixed friction
The influences of friction between the contact asperities of mechanical seal were neglected
The relationship between load and real contact area between the end faces of mechanical seal neglected the influences of friction between the contact asperities in [4] [5] . However, study has indicated that the friction between the contact asperities had a great influence on the real contact area when the surfaces were smoother [14] .
There is an abrupt change of load at the critical point of deformation transformation of the asperities in mechanical seal
Substituting Eq.(12) into Eqs. (10) and (11) respectively, the ratio of elastic-plastic load to plastic load can be obtained at the critical point of plastic deformation transforming to elastic-plastic deformation, and (9) and (10) respectively, the ratio of elastic load to elasticplastic load can be obtained at the critical point of elasticplastic deformation transforming to elastic deformation, and
MPa [5] , and K=0.6. Hence, there are F ep (a pe )/F p (a pe )=4.78 at the critical point of plastic deformation transforming to elastic-plastic deformation and F e (a c )/F ep (a c )=2.27 at the critical point of elasticplastic deformation transforming to elastic deformation. There is an abrupt change of contact load. , n(a s ) , between the end faces was used to replace the micro leakage channel section area distribution function The leakage fractal model regarded cavities on the annular section at the outer diameter of the end face as micro leakage channel section, and Eq.(5) was the leakage rare fractal expression of single leakage channel. However, micro cavity area distribution function, n(a s ), between the end faces in Eq.(6) was used to replace the micro leakage channel section area distribution function when the total volume leakage rate Q was calculated by 
Micro cavity area distribution function

The influences of the tortuosity of leakage path were neglected
There are contacts between the asperities of the end faces and sliding between two end faces, and the radial leakage path is a tortuous channel (see Fig. 3 ) rather than a straight way for contact mechanical seal. However, when leakage rate expression, namely Eq.5, of single leakage channel was deduced in [4] [5] , the leakage path was simplified as a radial straight way, and the influences of the tortuosity of leakage path were neglected.
The influences of the temperature of the end face were neglected
It can be known from Eq.(8) that the fluid viscosity  has a direct influence on leakage rate. Viscosity changes with the changes of temperature of the end face of mechanical seal [15] . However, the influences of the temperature of the end face were neglected in [4] [5] . 
Conclusions
The leakage process of mechanical seal is very complicated. Influencing factors of contact mechanical seal are many, and the leakage is a variable associated with operating time rather than the steady parameter. Therefore, establishing the leakage model of mechanical seal is difficult.
The proposition of contact mechanical seal leakage model based on fractal theory provides a new means for studying mechanical seal, reveals the relationships between the leakage rate and sealant pressure, sealant viscosity, unit load, property of material of seal ring and surface topography. The results indicated that leakage rate is an unsteady parameter, and provided a theoretical foundation for proposing the measures for reducing leakage and engineering practice. Because the study of mechanical seal based on fractal theory does not go further enough, so the leakage fractal model has some problems. Further theoretical study and experimental study must be needed for establishing a correct leakage model of contact mechanical seal.
